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SIMMARY 

In air survey photography it is desirable that the strips shall be 
straight, parallel and equally spaced.  While pilots rely on visual 
methods of navigation they require prolonged training before their work 
reaches an acceptable standard, and the effort wasted at present is 
enormous. 

It is suggested that a technique relying solely on normal aircraft 
Instruments can be made to yield entirely satisfactory results.. 
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1 iBtroduotiop 

The difficulty of flying parallel photographic strips «1th constant 
lateral overlap is well known*      The normal technique calls upon the 
navigator to follow flight lines already drawn on a map of the area to 
be surveyed.      liaps containir.r enough clearly defined ground features 
are not always available. 

This visual tracking along flight lines determined before the' 
commencement of the sortie commits the crew to a definite course without 
regard to the wind;    and with modem aircraft the small corrections made 
to the course, cither manually or on autos, during the runs nearly always 
produce some amount of undesirable roll. 

At present long-range radio aids do not appear to provide the 
accuracy required» v/hile short range radar aids require their own chain 
Of ground stations near the area to be surveyed. 

The Director of Survey, War Office,  has stated "The effort wasted 
at present due to unsatisfactory navigation is enormous".      (Air Survey 
Development Committee, March 1%£.) 

Recent developments in aircraft flying aido suggest that a sufficiently 
accurate method could be devised relying, with groat convenience, solely 
upon the use of norm."! aircraft instruments. 

The  suggested method is based on two main considerationsj- 

(a) Modern methods enable wind direction to be determined In the 
aircraft vdth a high degree of accuracy. 

(b) Although modern automatic controls give banked turns,   they are 
linked to the gyro compass and their course-keeping accuracy 
Is high.      Further,  the/ can be usod to turn the aircraft 
through any required number of dogroes at a known and constant 
rate of turn.      They avoid the normal turning errors of the 
pilot's magnetic compass, and they relieve the pilot of the 
strain and difficulty of manually holding a steady rate of turn. 

2 Description of Susitcstod Technique 

Referring to Fig.l oonsider an aircraft making a 90 degrees turn to 
port at a steady rate. Then if a is the length of the are the radius 
r   will bo 2a/it   • 

If the aircraft is flying at velocity   v   and takes 
turn through 90 degrees then a = vt, and r = 2vt/rt . 

time t to 

Now consider that the air camera produces a negative of width w, 
and that a contact soalc of l/a is required; then the width of ground 
covered by the photograph will be ws.  It is usual to specify 30J( 
lateral overlap of strips, so that the required distance between strips 
«111 be o.7v.-s. 

-*K. 
. »«* 

Referring now to Fig.2 suppose the navigator has mode an accurate 
determination of the direction of the wind by any of the well known 
methods and suppose the first photographic strip has been flown directly 
up wind across the uurvey area until position A has been reached. 

The navigate;' invitohes off his camera and the pilot holds course for 
a few minutes (the exact tiao is not important) until he arrives at B, 
then applies a tur-.; to poi't at the 90° pe~ minute rate and holds it for 

TW! mm ^.«jp- 
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TootwHoto No. VtS.lt/06 

10% the width of the negative (w) be 9 inches = 0.75 ft» 

scale (l/s) = 1/20000 

Airspeed (v) m 1'jO m.p.h.  = 220 ft. per seo. 

tine taken to turn 90 degrees (t) s 1 minute m 60 seoonds 

and let n = 4. 

Then the tine taken on the leg DP «d.11 bo 

(n+l)0.7ws _ ij* 

5 x 0.7 x 0.75 x 20000      4 x 60 
- ____________— - i   •• 

220 X 

• 162 seconds. 

f 
And the time taken on the leg MO will be 

4 x 0.? x 0.75 x 20000     4 x 60 

220 X 

• 115 seconds. 

If the flight oontinues on the line« suggested allowing 162 seconds 
for the straight portions of each of the up~wind-end crossings and 
115 seconds for the straight portions of each of the down-wind-end 
orossings we shall cover an area symmetrically with eight strips at the 
required soale, maintaining correct lateral separation of the strips 
throughout. 

If the instruments function correctly all strips should be strictly 
parallel and equally spaced and none of them should show convergence or 
bowing. 

The flying height is found from the well-known equation   h a af 

«here     /, is the required scale and   f   the focal length employed. 

The technique therefore would be first to determine aoourately the 
wind direction.      The runs would be made exactly up and down wind, continuing 
approximately five miles downwind and ten miles upwind beyond the limits 
of the area being surveyed;    the actual distances would vary with wind 
velocity but are not critical.     The turns would be made solely on the 
automatic controls and the run up would allow the autos to settle on the 
new oourse, which should be kept with an error less than 1°. 

When oovering large areas a frequent check on the wind could be made 
by reference to the Air Position Indicator or similar instrument. 

3     An _______ Trial 

At the tine this technique was being studied no suitably equipped 

-*-* Ill    I-     II    gP> 
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aircraft wan available to the authors, but it «as evident that a valuable 
and vivid simulation could be carried out in the Link trainer using the 
standard irlind-flying instrument panel. 

An exercise was therefore performed with 3/L.Tbe Hon.«.C.Adderlay,AJ?.C., 
O.C.  Instrument Flight, H.A.E.,  at the controls, with hood down. 
A wind speed of 30 m.p. h. was set and the Link was flown at an air speod of 130 m.p.h. 

The pilot applied and held the necessary turns (rate y,  i.e.  90° 
in one minute) with the aid of a stop watch. 

The up-vdnc! cross-strip time had been pre-computed as 1 minute 
55 seconds:    this being appropriate for n = 3. 

The down-wind cross-strip time was made one minute.      tore precisely it should have been 6? seconds. 

The pilot us&d his stop watch to control the length of these cross •trips. 

The only assistance the pilot received from the navigator was the 
signal "camera on" or "camera off" as the crab passed the boundary of the area to be- surveyed. 

The flight Listed 40 minutes and height variations never exceeded 50 ft. 

The orab'a plot is reproduced as Fig. 3»      It is apparent that all 
the strips are substantially parallel.      The squares represent the areas . 
oovered by individual photographs and it is evident that  satisfactory 
lateral overlap v/as maintaintd throughout the experiment. 

There were no false starts to any of the runs and no flying time «as wasted. 
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FIG. I  & 2. 
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In air survey photography it is desirable that strips shall be straight, parallel, and equally 
spaced.  Technique is suggested, which relies entirely on normal instruments and can be made 
to yield entirely satisfactory results.   Technique consists of first determining wind direction 
accurately.   Runs are made exactly up and down wind, continuing approximately five miles 
downwind and ten miles upwind beyond limits of area being surveyed.   Actual distances would 
vary with wind velocity but are not critical. 
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ABSTRACT: 

In air surrey photography it is desirable that strips shall be straight, parallel, and equally 
spaced. Technique is suggested, which relies entirely on normal instruments and can be made 
to yield entirely satisfactory results.  Technique consists of first determining wind direction 
accurately.   Runs are made exactly ,up and down wind, continuing approximately five miles 
downwind and ten miles upwind beyond limits of area being surveyed.  Actual distances would 
vary with wind velocity but are not critical. 
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